EMCV infections are widespread in the US swine herds, 26 but EMCV has been isolated from only a limited number of cases. [10] [11] [12] [13] [14] 26 Whether the poor success in EMCV isolation from aborted fetuses is due to the lability of EMCV or to the lack of any role of EMCV in swine reproductive disease has not been resolved. The presence of blocking antibodies may also interfere with the isolation of EMCV from clinical specimens. The recent isolation of porcine reproductive and respiratory syndrome (PRRS) virus from herds with reproductive failure has further confused what role EMCV has in swine reproductive failure in the US swine herds. 2, 4, 15, 16, 19 EMCV isolates are closely related antigenically and there is probably only 1 serotype of EMCV. 20 Variants of EMCV have been isolated that differ in organ tropism and pathogenicity. 1 Antigenic and genomic variability among various EMCV strains has also been reported and may be associated with the diversity in pathogenicity. 1, 7, 11, 24, 24 VP1 is the major polypeptide of EMCV against which virus neutralizing antibodies are directed. The VP1 gene is also the least conserved capsid gene among different members of Picornavirus. In contrast, the VP3 and VP4 genes and the 5' nontranslated region of EMCV are more conserved. 13, 14, 20, 26 The major objective of the present study was to determine whether a nucleic acid probe specific for EMCV infection in swine could be developed. Such a probe would be useful in determining the prevalence and role of EMCV, if any, in swine reproductive failure.
The EMCV strains used for this study were NVSL-FL, 12 11, 13 ATCC VR-129B, 12 Georgia, a OVL-5/90, a and Mengo. The NVSL-FL strain was isolated initially from pigs in Florida. The MN-25 strain was isolated from an aborted swine fetus obtained from a Minnesota farm that had a history of acute reproductive failure and neonatal losses. The ATCC VR-129B was originally isolated from a chimpanzee and has been passaged in suckling mice or other hosts since 1944. The Mengo virus was isolated from the cerebrospinal fluid and CNS tissue from a paralyzed rhesus monkey. The EMCV isolates were propagated in Vero cells, a continuous monkey kidney cell line (ATCC CCL 81). When more than 90% of the infected cells showed cytopathic changes, the cultures were frozen and thawed 3 times, and the culture medium was clarified by low-speed centrifugation for 20 minutes at 2,000 x g. Total RNA from cell lysates of EMCVinfected Vero cells and uninfected cells was extracted by phenol-chloroform extraction and ethanol precipitation. The RNA concentration was determined spectrophotometrically. First strand complementary (c)DNA synthesis was accomplished by a cDNA cycle kit for reverse transcriptase polymerase chain reaction (RT-PCR). b The single-stranded cDNA was then extracted with phenol-chloroform, ethanol precipitated, and resuspended in diethyl pyrocarbonate (DEPC)treated sterile water. The designs of the primers for RT-PCR amplification in this study were based on the published mouse VP1 gene sequence of the EMCV-D strain. 3,17 Two 26-mer oligonucleotides with BamHI restriction sites at the 5' end of each primer corresponding to positions 2716-2733 (5' GGGGATCCGAGTTGAGAATGCTGAGA 3') and 3505-3522 (5' GGGGATCCTCGGGGTCATGTCTATCT 3') of the VP1 gene of the mouse EMCV-D sequence were chosen as primers. The primers were synthesized as single-stranded DNA using an automated DNA synthesizer. c PCR was performed in a total volume of 50 µ1 containing 1 x amplification buffer, d 1 mM of each dNTP, 50 pmoles of each primer, 0.1 µg of sample cDNA, and 2.5 units of Taq polymerase. d The samples were processed with 3 programs in a programmable thermocycler e as follows: program 1:2 cycles of 2 minutes of denaturation at 94 C, 2 minutes of annealing at 52 C, and 4 minutes of extension at 72 C, program 2:25 cycles of 1 minute of denaturation at 94 C, 1 minute of annealing at 52 C, and 2 minutes of extension at 72 C, and program 3:1 cycle of 1.5 minutes of denaturation at 94 C, 1.5 minutes of annealing at 52 C, and 5 minutes of extension at 72 C. A cDNA clone that contained the full length of mouse EMCV-D cDNA sequence, designated plasmid PD L , f,3,17 was used as a positive control for PCR. The PCR products were analyzed by 1% agarose gel electrophoresis prepared in 1 x Tris-acetate-ethylenediaminetetraacetic acid buffer. A major product of 806 bp, which was the expected size of the EMCV VP1 gene, was obtained from all 6 isolates of EMCV and from the cloned mouse EMCV plasmid PD, but not from uninfected Vero cells ( Fig. 1) , indicating that the regions flanking the VP1 gene among different EMCV isolates are highly conserved. A computer analysis of the published sequences of the EMCV ATCC 129B and EMCV-D revealed high homology for the regions from which the PCR primers were selected. 3, 17, 18 Received for publication May 20, 1992. 254 To further confirm the specificity of the product of the first isolates and the PD L plasmid cDNA, which is the size expected to be generated from these internal primers (Fig. 2) .
The 806-bp NVSL-FL VP1 cDNA generated by RT-PCR was excised from an ethidium bromide-stained agarose gel and purified. g The purified cDNA was then cloned into the pKS+ plasmid h by directional cloning. 21 The Escherichia coli strain DH 52 cells were used for the transformation of recombinant plasmids. Characterization of recombinant plasmids was done according to the described method. 21 White colonies were selected and grown in Lenox L broth containing 100 µg/ml of ampicillin. The E. coli cells containing recombinant plasmid were lysed with lysozyme, and the plasmids were then isolated by the alkali lysis method. 21 The VP1 gene probe from NVSL-FL strain of EMCV was obtained by digesting the recombinant VP1 gene clone, designated as pPSP913, with BamHI restriction endonuclease (Fig. 3) . The pPSP913 clone was further confirmed by partial DNA sequencing using universal and reversal primers (data not shown). The released 806-bp VP1 gene fragment was then separated on a 0.8% agarose gel, purified, and labeled with 32 P-dCTP by the random primer extension method. i The probe had a specific activity of 1 x 10 8 cpm/µg of DNA.
Lysates prepared from uninfected Vero cells and from Vero cells infected with the 6 EMCV isolates, swine enterovirus (groups 1, 2, and 8c), and transmissible gastroenteritis virus (TGEV) (Miller strain) propagated on the swine testis cell line were incubated with proteinase K (100 µg/ml) for 1 hour at 37 C. Samples of different concentrations were then directly applied onto a pretreated nylon membrane j using a 96well hybridot manifold apparatus k according to the method previously described. 5 Denatured full length cDNA of rotavirus NCDV strain was also dotted onto the membranes along with other controls. The membranes were air dried and baked at 80 C for 2 hours. Prehybridization and hybridization were carried out at 42 C with 50% formamide as described previously, 9 except these procedures were performed in roller bottles in a hybridization oven. 1 Membranes were washed at room temperature once in 2 x sodium chloride and sodium citrate (SSC), 0.5% sodium dodecyl sulfate (SDS) for 15 minutes, once in 2 x SSC, 0.1% SDS for 30 minutes, and 3 times at 65 C in 0.1 x SSC, 0.5% SDS for up to 3 hours. The membranes were air dried and the X-ray film was exposed to the membranes for 16-72 hours at -70 C before development. The results showed that the VP1 gene probe hybridized with RNAs from all 4 swine EMCV isolates (NVSL-FL, MN-25, OVL, and Georgia) but did not hybridize with RNAs from the ATCC 129B and Mengo isolates, which were originally isolated from a chimpanzee and a rhesus monkey, respectively (Fig. 4) . No hybridization signal was demonstrated with the EMCV VP1 molecular probe for the nucleic acids from uninfected cells or other viruses tested. To test the sensitivity of the VP1 probe, successive dilutions of EMCV strain MN-25-infected Vero cell lysates ranging from 10 1 to 10 6 TCID 50 per spot were dotted in duplicates and hybridized with the 32 P-labeled VP1 gene probe. 5 The probe detected at least 10 3 TCID 50 of EMCV, and it also showed that the limited detectability is <0.3 ng of VP1 DNA (Fig. 5 ). Specificity and detection threshold tests of the probe were repeated 3 times with the similar results (data not shown).
Results obtained from the hybridization indicate that genetic differences exist between the recent swine EMCV isolates analyzed in this study and the prototype EMCV isolates ATCC 129B and Mengo. Differences in pathogenicity of EMCV isolates have been also reported. The ATCC 129B isolate was not pathogenic, but MN-25, MN-30, and NVSL-PR were highly pathogenic and NVSL-MDV was moderately pathogenic to swine fetuses. 11 Quebec EMCV isolate Q.890 and ATCC 129B isolate also have some antigenic differences. The virus neutralization titer of antiserum to ATCC 129B was 4-fold lower for Q.890 than for ATCC 129B. 7 The present data suggest that there may be correlation between the pathogenicity of EMCV in swine and its genetic makeup. To answer this question, the VP1 region of EMCV NVSL-FL strain was sequenced by a method for direct automated sequencing of PCR fragments 23 (Meng et al., in preparation) . The VP1 probe sequence obtained was then compared with the published mouse EMCV-D and ATCC 129B sequences by a computer sequence alignment program (Scientific and Educational Software, serial no. 41104). 3, 17, 18 The results showed that the nucleotide sequence of the VP1 gene probe of EMCV NVSL-FL used in this study shared about 97% homology with the corresponding region of mouse EMCV-D strain but only shared 82% nucleotide sequences homology with the corresponding region of EMCV ATCC 129B strain. Also, the nucleotide sequences homology of the VP1 regions between mouse EMCV-D strain and EMCV ATCC 129B strain was about 81%. These sequence differences may explain the diversity in pathogenicity among various EMCV isolates and could explain the present hybridization results. Under the hybridization stringency used in this study, the VP1 gene probe from EMCV NVSL-FL strain is unlikely to hybridize with the prototype EMCV isolate ATCC 129B because of the genetic differences.
The probe developed in this study was specific for EMCV of swine, and it was sensitive enough to detect the presence of EMCV genome in infected cell lysates without complicated RNA extraction and purification procedures. Therefore, this probe offers a rapid, specific, and sensitive method for the 9. detection of swine EMCV infection. Availability of this probe should make it feasible to understand better the pathogenesis of EMCV infection in swine and possibly to detect EMCV 10.
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